A B S T R A C T Blood samples containing antibodies to DNA were obtained from patients with systemic lupus erythematosus (SLE) and rabbits immunized with denatured DNA complexed to methylated bovine serum albumin. The immunoglobulin fractions from these sources did not decrease the over-all template activity of singlestranded DNA with DNA polymerase or DNAdependent RNA polymerase. In competition studies, both DNA polymerase and DNA-dependent RNA polymerase inhibited the binding of DNA antibodies to single-stranded DNA, as evidenced by inhibition of micro-complement fixation. These findings suggest that antibodies to DNA fail to decrease denatured DNA template activity because the enzymes which use a single-stranded DNA template can displace or block the antibodies from the denatured DNA as a result of greater binding affinity to the denatured DNA. The anti-DNA antibodies associated with SLE,
A B S T R A C T Blood samples containing antibodies to DNA were obtained from patients with systemic lupus erythematosus (SLE) and rabbits immunized with denatured DNA complexed to methylated bovine serum albumin. The immunoglobulin fractions from these sources did not decrease the over-all template activity of singlestranded DNA with DNA polymerase or DNAdependent RNA polymerase. In competition studies, both DNA polymerase and DNA-dependent RNA polymerase inhibited the binding of DNA antibodies to single-stranded DNA, as evidenced by inhibition of micro-complement fixation. These findings suggest that antibodies to DNA fail to decrease denatured DNA template activity because the enzymes which use a single-stranded DNA template can displace or block the antibodies from the denatured DNA as a result of greater binding affinity to the denatured DNA. The anti-DNA antibodies associated with SLE, therefore, may not be involved in the pathogenesis of the intracellular abnormalities associated with the disease. INTRODUCTION A number of unusual antibodies can be detected in the sera of patients with systemic lupus erythema-tosus (SLE). Most of these unique antibodies are directed against various nuclear and cytoplasmic constituents of the cell and are species and organ nonspecific. Components of the nucleus against which antibodies have been demonstrated include DNA (1) (2) (3) (4) , deoxynucleoprotein (5, 6) , histone (7) , nuclear materials extracted with low ionic strength buffers (7) (8) (9) , and a ribonuclease sensitive constituent of the nucleolus (10) .
The serum from a patient with SLE usually contains antibodies directed against more than one of these nuclear components (7, 9) . The types, titers, and specificities of these antibodies change during the course of the disease. The most commonly observed correlation between serological findings and disease activity is an increase in titer of the antibody against DNA during an exacerbation of the disease (2, (11) (12) (13) (14) (15) .
Because of the direct temporal relationship between the appearance of antibodies to DNA and exacerbation of SLE, these antibodies have been suspected of being one of the primary causes of the cellular derangement in SLE. Since the antigen DNA, against which the antibodies are directed, is of major importance in cellular physiology, it is conceivable that antibodies to DNA might interfere with the functions controlled by DNA. The question posed is the following: could antibodies to DNA, by binding with DNA, alter the template activity of DNA for self-replication and RNA transcription and, in so doing, provoke pathological changes in subcellular activity? To answer this question the effect of antibodies to DNA on the in vitro template activity of DNA was studied. METHODS DNA. Calf thymus and salmon sperm DNA were commercially obtained1 and used without further purification. The concentration of DNA in solution was determined on the basis of OD measurements with the references of E 1% = 221, pH 12, for calf thymus DNA Band 2% = 190, pH 12, for salmon sperm DNA. DNA was thermally denatured by boiling for 10 min followed by rapid cooling in ice.
Sources of antibodies to DNA. Blood samples containing naturally occurring antinuclear factors were obtained from nine patients with SLE (Table I) . Control blood samples were taken from nine persons, six with diseases other than SLE and three without overt disease (Table II) . Antibodies to DNA were produced by immunizing New Zealand white rabbits with intravenous injections of denatured calf thymus DNA complexed to methylated bovine serum albumin (MBSA) according to the method of Plescia, Braun, and Palczuk (16) . Blood from unimmunized rabbits was also taken.
The serum prepared from each blood sample was divided into two parts. One part was stored in aliquots at -250C.
From the second part, the immunoglobulin (Ig) fraction was collected by precipitation with 331¾3% (NH4) 2S04 (17) . The Ig was dissolved in 0.15 Ai NaCl containing Tris buffer, pH 8.4, 5 X 10' mole/liter, and was then dialyzed for 18 hr at 4VC against 700 volumes of the same buffer. At the end of the dialysis period the protein concentration of the Ig fractions was determined, with BSA as the standard (18) . The protein concentration was adjusted to 10 mg/ml with 0.15 M NaCl containing Tris buffer, pH 8.4, 5 X 10' mole/liter, and each sample was stored in aliquots at -250C.
Immunofluorescent studies. Immunofluorescent staining for antinuclear antibodies was done by a modification Calbiochem, Los Angeles, Calif. Iiiintunological methods. The quantitative micro-complement (C') fixation technique (19) was used for the detection of antibodies to DNA. The incubations for these tests were carried out at both 40C for 18 hr and at 370C for 1 hr, with 0.01-0.1 ,g of denatured DNA as the antigen. A variation of the same method was used to study the inhibition by DNA polymerase and DNAdependent RNA polymerase of the fixation of C' by denatured DNA and antibodies to DNA experimentally produced in rabbits. For the inhibition studies, the enzymes were diluted in 0.14 M NaCl containing 0.01% (w/v) bovine serum albumin (BSA, fraction V),3 4X 10' M MgSO4, 1.5 X 101 M CaC12, and 10-2 m Tris buffer, pH 7.4. Varying amounts of enzyme were mixed at 0 or 370C with 0.01 Atg of denatured DNA before adding the enzyme-denatured DNA solution to the tubes containing diluted antiserum and C'. In the inhibition studies, an incubation period of 1 hr at 370C was permitted for C' fixation. These latter conditions were selected in order to provide optimal conditions for binding of the presumably 19S rabbit anti-DNA antibody, even though our results showed that the titers of the positive sera from SLE patients were identical under both conditions of 2Microbiological Associates, Bethesda, Md. 3 Pentex, Inc., Kankakee, Ill.
assay. The shorter period, furthermore, was chosen in order to avoid a prolonged exposure of the DNA to any nuclease activity either in the enzyme preparation or the serum being assayed.
The titer of anti-BSA antibodies 4 was measured by passive hemagglutination of tanned erythrocytes coated with crystalline BSA 4 (20) .
Pitrification of DNA polviiicrasc and L)NAA-depenident RNA polyvicrase. DNA polymerase was prepared from Eschcrich ia coli B 5 according to the method of Richardson (21) . Fraction VI of the preparation, which is able to use denatured DNA as a template, was used. DNAdependent RNA polymerase was purified to the fraction III stage of the procedure of Chamberlin and Berg (22) . (1 U of DNA polymerase activity is defined as that amount of enzyme which catalyzes the incorporation of 1 m/umole of TTP into an acid insoluble product after a 15 min incubation at 370C using a template of 20 jug of denatured calf thymus DNA). Each 0.3 ml reaction mixture contained, in addition, 1.0 mg of Ig protein dissolved in 0.1 ml of 0.14 AT NaCl-Tris buffer, 5 X 10-' mole/liter, pH 8.4, or 0.1 ml of the same buffer without Ig protein.
Whole Ig fraction was used so that both 7S and 19S antibodies would be included. The Ig solution or buffer alone was mixed with the denatured DNA first, and the remainder of the reactants were added either immediately or after a preincubation period of 30 min at 370C. After incubation of the entire reaction mixture at 37°C for a defined period of time, 0.05 ml aliquots of the reaction mixture were placed on duplicate filter paper disks (No. 542, Whatman filter paper, 2.4 cm diameter) which were washed according to the procedure of Starr and Goldthwait (23) . The disks were then dried, and each was placed in a glass vial containing 15 ml of scintillation fluid (each liter consisting of 100 g of napthalene, 5 g of 2,5-diphenyloxazole (PPO), and 0.3 g of dimethyl 1,4-bis [2-(5-phenyloxazolyl) ] benzene (POPOP) in toluene).
They were counted in a Nuclear-Chicago Liquid Scintillation Spectrometer.
Assay of DNA-depentdent RIA polyvnerase. The procedure of Chamberlin and Berg (22) lyzes the incorporation of 1 mnnmole of GTP into an acid insoluble product in 15 min of incubation at 370C using as a template 60 jug of denatured calf thymus DNA). Each of the 0.275 ml reaction mixtures also contained 1.0 mg of Ig protein dissolved in 0.1 ml of 0.15 mr NaClTris buffer, 5 X 10-, pH 8.4 or 0.1 ml of the same buffer without Ig protein. The method of incubation was identical with that for DNA polymerase except that Whatman glass paper (type GFA cut in 1.5 X 1.5 cm squares) rather than filter paper was used, and, after the cold trichloracetic acid (TCA) washes, a fifth wash with cold absolute ethanol was included.
I)Nasc mneasoreinen ts. In order to measure degradation of I)NA to acid soluble oligonucleotides, the method of Heims, Taniuchi, and Anfinsen (24) was followed. Native salmon sperm DNA served as the substrate, and the reaction mixtures were incubated at 370C for 1 hr. In order to detect digestion to smaller, but still acid insoluble polynucleotides, we performed a variation of the assay as follows: highly polymerized calf thymus DNA, the same I)NA used in the C' fixation assays, was incubated at 370C in the presence of borate buffer and calcium with either 0.025 ml of DNA polymerase solution (45 ug of enzyme protein) or 0.02 ml of RNA polymerase solution (100 Mg of enzyme protein). Aliquots of the mixtures before and after incubation were analyzed by alkaline sucrose gradient centrifugation, using a 5-25% gradient containing 0.001 AI EDTA; 0.7 Ni NaCl, and 0.3 Mr NaOH. Centrifugation was for 8 hr at 50,000 rpm or 16 hr at 40,000 rpm, using a Spinco SW-50 rotor. Four-drop samples of the gradients were collected by tube puncture for measurement of distribution of OD at 260 mi/. In order to determine whether the DNA lost its ability to fix complement with anti-DNA after incubation with the enzymes, the DNA was recovered from large batch incubation mixtures. This was accomplished by deproteinizing the solutions by repeated extractions with 1/3 volumes of chloroform-octanol 24: 1 (v/v). The DNA was harvested by winding on a glass rod the strands which formed at the interface of the aqueous layer over which ethanol had been layered. This postincubation DNA was assayed for its activity as an antigen in the micro-C' fixation assay, and its sedimentation characteristics were determine(l by alkaline sucrose gradient centrifugation.
RESULTS
Serological studies lw unin ofluorescen t staining. All nine patients with SLE had positive fluorescent antinuclear tests (Table I) while the tests were negative in all those without SLE. Nuclear staining patterns were ho- mogeneous in six of the SLE patients and marginal in the remaining three.
In an effort to determine the relationship of the marginal pattern of nuclear fluorescence and antibodies to denatured DNA, the sera of the patients (Nos. 2, 8, and 9) with the marginal stain were absorbed with denatured calf thymus DNA before imnnunofluorescent staining. The staining pattern in none of the three samples was abolished, but, rather, was changed from marginal to homogeneous ( Fig. 1 ). To demonstrate that there had not been nonspecific binding of antibody protein by the denatured DNA, the absorption study was repeated with a commercially obtained, unrelated antibody, anti-B SA, added to the mixtures of patient serum and DNA. There was no decrease in titer of anti-BSA after absorption with denatured DNA, thereby ruling out nonspecific absorption.
Antibodies to DNA. Antibodies to denatured DNA were detected by micro-C' fixation tests in the sera of three patients with SLE (Table I) . Six patients with SLE had no detectable antibodies to DNA nor did any of the controls. Stollar and Sandberg (25) hr, whereas the anti-DNA antibody found in rabbits immunized with DNA-MBSA is mainly 19S and is detected in highest titer after an incubation at 370C for 1 hr. Our studies showed, however, that the sera of the three patients who had anti-DNA antibodies had identical titers when tested under both sets of conditions. No attempt was made to determine whether the reacting antibodies were 7S or 19S. The information from a typical C' fixation test is graphically presented in Fig. 2 .
Although this test was performed at 370C for 1 hr, an identical titer was obtained after assay at 40C for 18 hr. This curve, similar to those reported by Stollar, Levine, and Marmur (26) , shows that maximum fixation of C' in this antigen-antibody reaction occurs over a narrow range of low concentrations of denatured DNA. As pointed out by Wasserman and Levine (19) , the typical micro-C' fixation curve is similar to the findings of a quantitative precipitin test which include zones of antibody excess, equivalence, and antigen excess.
Of the three patients with antibodies to DNA, two (Nos. 8 (27) . In order to obtain sera with a high level of antibodies to DNA, it was necessary to obtain blood from the animals 5 DNA polymerase was assayed in the presence of varying amounts of denatured DNA (Fig. 3 ). There was a steadily increasing level of incorporation through 7. Fig. 3 except that only 2 Mg of denatured DNA was used and incubation period was varied from 10 to 60 min.
phates and by using thermally denatured rather than double stranded DNA (Table IV) . As reported by others (28), the template activity of denatured DNA was less than native DNA with DNA-dependent RNA polymerase. A time curve of the template activity of denatured DNA with RNA polymerase failed to reach a plateau after 1 hr (Fig. 6) . Therefore, two incubation times, DNA were preincubated with the denatured DNA before the enzyme assay. There was a slightly greater amount of nonspecific inhibition with preincubation; however, there were only small but insignificant differences in the nucleotide incorporation in the presence and absence of antibodies to DNA (Table VII) .
In order to establish that the antibodies to DNA were not inhibited from binding to DNA by the presence of deoxyribonucleotides acting as haptenes, complement fixation was carried out in the presence of both TTP alone and all four deoxyribonucleotides at the same final concentrations as were used in the DNA polymerase assays. The rabbit anti-DNA antibody in these C' fixation tests, furthermore, was present in much smaller quantities than was the case in the polymerase assays. The amount of antibody available to fix C' was that in 1 ml of a dilution of serum of 1/200, as compared to the relatively large quantity present the antibodies to DNA with the denatured DNA. This would be a phenomenon similar to haptene inhibition of antigen-antibody association. In this instance, however, the enzyme competitor would l)ind with antigen preventing its subsequent reaction with the antibody. A similar mechanism of action has been demonstrated to explain the inhibition by chloroquine of the reaction between denatured DNA and antibodies to DNA (29) .
Several preliminary experiments were performed to establish the reliability of the system for studying this competition. Neither This was 5 ug more than was used in any of the competition studies, and several fold more than that used in most of the assays. The assay for polynucleotide endonuclease activity failed to demonstrate significant degradation of DNA by the DNA polymerase preparation. Fig. 7a depicts a composite of sucrose gradient analyses of DNA before and after incubation with this solution. A more prolonged centrifugation moved both peaks to the bottom of the tube. The sedimentation characteristics of the DNA, therefore, were not changed even under alkaline conditions which are intended to denature DNA in order to detect single-strand breaks.
The RNA polymerase preparation, on the other hand, did contain DNase activity. The sucrose gradient analyses shown in Fig. 7 b demonstrated that the sedimentation coefficient of the DNA after incubation with this solution is less than that of the control. In order to determine whether the DNA so degraded is still capable of functioning in the micro-C' fixation assay, we extracted the DNA from the incubation mixture as described in Methods. This DNA functioned as well and at the same concentration as control DNA. Finally, in order to rule out the possibility that the DNA extraction procedure selected only intact DNA, the chloroform-extracted DNA was analyzed by alkaline sucrose gradient centrifugation. This DNA, which functions in the micro-C' fixation test, had a sedimentation pattern identical with that of the postincubation DNA shown in Fig. 7 b. Healy, Stollar, Simon, and Levine (30) TUBE NUMBER FIGURE 7 B Sucrose gradient analysis of DNA before and after incubation with DNA-dependent RNA polymerase. Conditions were as in Fig. 7 A except that 0.02 ml RNA polymerase solution was used, and centrifugation was for 16 hr at 40,000 rpm. *-*, control; *----@, incubate.
reported here, therefore, support the probability that any effect on C' fixation by the DNA incubated with DNA polymerase and RNA polymerase was not due to degradation of the DNA substrate by endonuclease activity. ( Fig. 8) . DNA polymerase solution containing 0.5 ,ug of protein produced 10% inhibition and that with 1.5 jAg of protein produced 30%. The degree of inhibition was increased by using larger amounts of DNA polymerase, with 100% inhibition being approached with 20.0 ,ug. The inhibition by DNA polymerase did not depend upon preincubation of enzyme and DNA, and there was no significant change in inhibitory effect when the period of preincubation at 370C was extended to 20 min (Fig. 9) . DNA-dependent RNA polymerase was shown to be a potent inhibitor of the C' fixation by the binding of DNA antibodies to denatured DNA (Fig. 10) ; 30%o inhibition was detected with 50 mug of DNA-dependent RNA polymerase protein.
Increasing amounts of inhibition were observed with larger amounts of enzyme until a maximum inhibition of about 60% was attained when 500 mJug of RNA polymerase solution protein was present. Inhibition occurred when DNA-dependent RNA polymerase solution was mixed with denatured DNA at 00C; however, preincubation of enzyme and DNA at 370C was accompanied by an increased degree of inhibition (Fig. 11) . A maximum inhibitory effect was reached after 5 min of (15, 32, 33) who have found many exceptions to the reported correlation between marginal nuclear staining patterns and antibodies to DNA (34) . The reason is unknown for the change of nuclear staining pattern from marginal to homogeneous after absorption of the sera with denatured DNA. Sera with DNA antibodies will usually contain antibodies to other nuclear constituents also (9) , so it is possible that a blocking factor has been removed (35) . Since the titer of an unrelated antibody, anti-BSA, was not reduced after absorption with denatured DNA, the removal by the DNA of a specific antinuclear factor is suggested.
The antibodies which could possibly interfere with DNA activity must be permitted access to the DNA. Antinuclear antibodies are incapable of entering an intact mammalian cell (36) (37) (38) so that tissue culture systems are not suitable for examining the effects of antibodies to DNA on DNAdirected activities. The cell-free systems used for assaying DNA template activity provided conditions in which DNA was exposed to its antibodies. Because nearly all antibodies to DNA react much better with denatured than with double-stranded DNA (31) , the use of single-stranded DNA in the assay presented a maximum opportunity for the binding to DNA by DNA antibodies.
In the in vitro assay of DNA template activity, the concentration of DNA present was limiting. Under these conditions, any decrease in DNA accessible to the polymerases would have been recorded as a decrease in DNA template activity as manifested by a decrease in amount of the final product. The amount of denatured DNA used in assaying DNA template activity with both DNA polymerase and DNA-dependent RNA polymerase, was shown to be limiting on the basis of an assay using varying denatured DNA concentrations.
Decreases in DNA template activity assayed in the presence of serum or serum products can be the result of actions other than the binding of template by antibody, and such mechanisms must be recognized. Nonspecific effects due to the presence of large amounts of protein or other material which might bind nucleotides or chelate essential ions should be reduced to a minimum. In the assay of DNA polymerase the nonspecific inhibition was reduced by increasing magnesium and nucleotide concentrations. These conditions were shown not to block C' fixation of the DNA-anti-DNA reaction by haptene inhibition. In the case of DNAdependent RNA polymerase the nonspecific inhibition was overcome by using single-stranded rather than double-stranded DNA. Other, more specific, inhibitory effects can be produced by nuclease activity, and, without nuclease determinations, any inhibitory effects on DNA template activity by antibodies binding to DNA cannot be separated from the destruction of DNA template and (or) product by nuclease attack. The assays for DNase and RNase revealed no significant contamination of the enzyme or immunoglobulin preparations with these nucleases. This finding, associated with the lack of effect of immunoglobulin on DNA template activity, supported the conclusion that the inhibition of complement fixation by the polymerases was due to blocking of the antigen-antibody reaction rather than to degradation of the substrate.
The data presented clearly showed that the binding of DNA antibodies with denatured DNA did not reduce the over-all template activity of denatured DNA for DNA and RNA production. Even with preincubation of DNA with anti-DNA antibody, there was no significant decrease in DNA template activity. Since no effect was found with whole Ig fraction which contained both 7S and 19S molecules, no attempt was made to separate the two fractions to see if either had an effect alone. There have been reports that antibodies which react with DNA will interfere with DNA activity. Williams and Bollum (39) observed a decrease in the template activity of denatured DNA with calf thymus DNA polymerase when the denatured DNA was preincubated with dialyzed whole sera, some of which contained antibodies to DNA. This effect of anti-DNA antibody occurred in the presence of relatively high concentration of deoxyribonucleotides. This decrease in template activity was attributed to the binding of the serum factors to the enzyme active sites of DNA. DNase activity, however, was not determined, so that nuclease activity may have accounted for some of the reduction. The difference in the ability of DNA polymerase from different sources to act on an "altered" DNA template might also be of importance in explaining the disagreement between the findings of Williams and Bollum and ours. The dose of irradiation which greatly reduces DNA template activity with E coli DNA polymerase (40) , has no effect on the tem-plate activity with DNA polymerase from calf thymus (41 ) .
The effect of anti-DNA antibodies on the in vivo biological activity of DNA has been investigated. Rosenkranz, Erlanger, Tanenbaum, and Beiser (42) demonstrated an arrest in the development of fertilized sea urchin eggs exposed to antinucleoside antibodies which cross react with denatured DNA. The sea urchin eggs, in contrast to mammalian cells, are permeable to the antibody. Antibodies to calf thymus DNA can impair the transforming capacity of DNA from Diplococcus pneumoniae and Bacillus subtilis (43) . Biological tests such as these may detect qualitative changes in the DNA that are not measured by a biochemical assay. A qualitative alteration in the types of RNA and DNA produced such as might be caused by interference with the fidelity of transcription or with the readout of specific cistrons, need not necessarily be accompanied by a quantitative change in over-all in vitro template activity.
There are several possible explanations for the failure of anti-DNA antibodies to decrease DNA template activity. First, the DNA antibodies and enzymes which utilize a denatured DNA template may attach to different areas of the DNA. In the case of DNA-dependent RNA polymerase, it is known that there are certain initiator sites on the DNA to which the enzyme attaches (44) , and these initiator sites could be different from the antigenic-determinant sites. In such a situation, there would be little interference with enzyme attachment by the binding of the antibody, and product synthesis would be on a jump-skip basis.
This seems unlikely, however, because the antigenic determinants for the naturally occurring antibodies to DNA have been different in all cases studied (45, 46) and are certain to be repeated throughout the DNA molecule. The antigenic determinants for the DNA antibodies experimentally produced by denatured DNA-MBSA immunization have not been completely identified but, as evidenced by haptene inhibition studies (16) , are at least the size of oligonucleotides.
There is always a possibility that anti-DNA antisera which are specific for a polynucleotide sequence which is responsible for initiation (47) might have an inhibitory effect on transcription which is not seen with other antisera, and may even compete more successfully with the polymerase. Although the specificities of the antibody used were not determined, inasmuch as whole DNA was used as the antigen, it is probably justified in assuming that it had multiple specificities, some of which may have been against initiation sequences. In any event, the point to be made was that an antibody which was shown to be able to bind to DNA was prevented from so doing by an enzyme which also is known to bind to DNA. Since the antibodies to DNA in SLE sera are heterogeneous, a systematic survey to correlate antigenic specificity, affinity to substrate, and effect on template activity of a series of such sera may be worthwhile.
A second possibility is that the antibodies to DNA and enzymes which utilize a DNA template do attach to identical or similar areas, but with different binding affinities. Thus, the enzymes, which have a greater affinity, are able to block or displace the DNA antibodies from the singlestranded DNA. The competition experiments in this study were designed to test these possibilities. They showed that denatured DNA linked with DNA polymerase or DNA-dependent RNA polymerase reacts less effectively with antibodies to DNA, as evidenced by decreased C' fixation. This inhibition suggests that the attachment sites for the enzymes and the antigenic determinants for the antibodies are in the same or adjacent areas of the denatured DNA. If the enzymes had attached to sites at a distance from the antigenic determinants for the antibodies, no inhibition of the reaction between DNA and its antibodies would have been observed. The similarity of the sites for enzyme attachment and antibody binding was reported by Tanenbaum, Burke, and Beiser (48) who observed an homology between the combining regions of anti-haptene antibodies and enzymes induced by specific /8-D-glucosides. These findings, moreover, support the hypothesis that the reason anti-DNA antibodies do not decrease the over-all DNA template activity is that the enzymes at the concentrations used in the assays bind with greater affinity than the antibodies to the denatured DNA template and can displace them from the molecule. This hypothesis is supported by the failure to demonstrate DNase activity in the DNA polymerase solution, ruling out degradation of the DNA as the cause of C' fixation inhibition. Although the DNA-dependent RNA polymerase has some DNase activity at relatively high concentrations, the degree of degradation of the DNA was shown not to diminish its activity in the micro-C' fixation test. This is supported by the observation that maximum but incomplete inhibition of C' fixation by RNA polymerase is achieved after 5 min of preincubation, whereas, DNase degradation of the DNA should cause increasing inhibition to 100%, if this were the actual mechanism.
DNA-dependent RNA polymerase has great affinity for denatured DNA (28) , and the interaction between the enzyme and template occurs in the absence of metal ions and ribonucleotides necessary for RNA production (49) . RNA polymerase attaches with less affinity to native DNA (28), but even in this case, the complex formed is sufficiently indissociable to prevent the DNA from being acted upon by DNA polymerase or exonucleases (50) . In contrast, DNA polymerase probably forms a more readily dissociable complex (50) .
These studies have revealed that anti-DNA antibodies cause no decrease in the in vitro template activity of denatured DNA and, in view of the competition experiments with the nucleic acid polymerases, they should not be expected to have so functioned. Such findings suggest that antibodies to DNA, with respect to interference with biochemical genetic activities, may not be of significance in the subcellular pathophysiology of SLE.
